The reaction of aromatic nucleophilic substitution in 4-methyl-5-nitrophthalonitrile with reagents different structures was used for the synthesis of new substituted 4-azidophthalonitriles. The interaction of the obtained 4-azidophthalonitriles with acetylacetone leads to the formation of substituted (1,2,3-triazol-1-yl (1,2,3-триазол-1-ил)-5-стирилфталонитрилы, а кипячение в этиленгликоле дает 2-арил-1H-индол-5,6-дикарбо-нитрилы. Синтезированные N-содержащие
Introduction
Currently, the interest shown by researchers to substituted heterocyclic phthalonitriles and ortho-dicarbonitriles is obvious. These compounds are the most commonly used precursors for the preparation of various macroheterocyclic systems including tetrahetarenoporphyrazines, [1] porphyrinoids, [2] triazaporphyrins, [3] crown phthalocyanines, [4, 5] azaphthalocyanines, [6] carborane substituted phthalocyanines, [7] phthalocyanine-fullerene conjugates, [8] binuclear phthalocyanines, [9] and a number of other metalfree phthalocyanines and their metal complexes. [10] [11] [12] [13] Although they have unique chemical and thermal stabilities, phthalocyanines are practically insoluble in water and most organic solvents. This drawback can be overcome in two ways: by sequentially introducing peripheral substituent's of different chemical nature onto the macroheterocycles, or by synthesizing the desired compound from the precursors already containing appropriate functional groups, e.g., carboxylic acid groups or sulfates imparting water solubility, and a variety of di-and tetraaryl (alkyl) substituted phthalonitriles. [14] Experimental IR spectra were measured on a Perkin-Elmer RX-1 spectrometer in the range of 700-4000 cm -1 using suspensions of substances in Nujol. The 1 H NMR spectra were recorded on a Bruker DRX-500 instrument (500 MHz,) in DMSO-d 6 at 30 °C. The internal standard was the residual signal of the solvent (2.50 ppm for 1 H nuclei). Standard Bruker procedures were used for recording the two-dimensional spectra. The mixing time in the NOESY spectra was 0.3 sec. Mass spectra were recorded on a MX-1321 spectrometer with direct insertion of samples at 100-150 °C and with ionizing voltage 70 eV. Elemental analysis was carried out on a Perkin-Elmer 2400 instrument. Melting points were determined on a PTP-M instrument.
The starting material 4 were synthesized using known procedures. [15] 
General method for the synthesis of 4-nitro-5-[(E)-2-arylethenyl]benzene-1,2-dicarbonitriles (7a-с).
A mixture of 2-propanol (10 mL), of MNPN (4) (5 mmol), aldehyde 6а-с (6 mmol) and piperidine (0.6 mL) was heated to 70-80 °C and maintained under these conditions for 2-2.5 hrs. After cooling to room temperature the precipitate was filtered, washed with ethanol and dried at 50 °C. In a flask equipped with a stirrer, 5 mL of DMF was added to a mixture of compounds 7a-c (5 mmol) and sodium azide (6 mmol). The reaction mixture was stirred vigorously at room temperature for one hour. Then, the reaction mixture was poured with stirring into 20 mL of water, and the precipitate was filtered, washed with ethanol and dried. 
4-Nitro-5-[(E)-2-phenylethenyl]benzene-1,2-dicarbonitrile (7a

4-Azido-5-[(E)-2-phenylethenyl]benzene-1,2-dicarbonitrile (8a)
.
4-Azido-5-[(E)-2-(4-chlorophenyl)ethenyl]benzene-1,2-dicarbonitrile (8c
General method for the synthesis of 4-(4-acetyl-5-methyl-1H-1,2,3-triazol-1-yl)-5-[(E)-2-aryl-ethenyl]benzene-1,2-dicarbonitriles (9a-c).
A flask equipped with a stirrer and a thermometer was charged with 10 mL of dioxane and 2 mmol of compounds 8a-c. To this solution acetylacetone and Et 3 N (2 mmol) were added. The reaction mixture was stirred for 2-3 h at 70-80 °C, diluted with water twice, and the precipitate was filtered, washed with water and dried. , 1Н, CH-1'), 8.43 (s, 1Н, H-3), 8.93 (s,1Н, H-6 ).
4-(4-Acetyl-5-methyl-1H-1,2,3-triazol-1-yl)-5-[(E)-2-phenylethenyl]benzene-1,2-dicarbonitrile (9a
New Five-Membered Heterocyclic Dicarbonitriles for Macroheterocycles
General method for the synthesis of 2-aryl-1H-indole-5,6-dicarbonitriles (10a-c).
In a flask equipped with a stirrer, reflux condenser and nitrogen bubbler, a solution of compounds 8a-c (2 mmol) in ethyleneglycol (20 mL) was put. The reaction mixture was stirred at 160-200 °C for 4-6 hrs, and then poured into 20 g of ice, and the precipitate was filtered off and recrystallized from DMF. 
2-Phenyl-1H-indole-5,6-dicarbonitrile (10a
Results and Discussion
There are various methods used for the synthesis of phthalonitriles. The most famous is the classic RosenmundBrown cyanidation reaction. Its modern modification, catalyzed by transition metal complexes, [16] significantly expanded the range of available ortho-dicarbonitriles. Despite the progress made recently in this field, alternative methods of synthesizing these compounds continue to be developed. First of all, it should be noted that S N Ar-reactions occurring with the participation of 4-nitro-and 4-bromo-5-nitrophthalonitrile under homo-and hetero-conditions allow the study of the synthesis of a large number of diverse aromatic and heterocyclic compounds, [17] [18] [19] [20] [21] [22] [23] and related compounds that are condensed with the phthalonitrile fragment (Scheme1). In addition, we have developed methods for the synthesis of 3-substituted 2-amino-1-hydroxy-1H-indole-5,6-dicarbonitriles (2), [24] and 2-aryl-1-Hydroxy-1H-indole-5,6-dicarbonitriles (3), [25] based on 4-bromo-5-nitrophthalonitrile (1) (Scheme 2). These relatively reactive compounds can be subjected to further functionalization to improve solubility of the target products.
Five-membered nitrogen-containing heterocyclic ortho-dicarbonitriles were prepared based on 4-methyl-5-nitrophthalonitrile (MNPN), 4. The paper describes methods for the synthesis of 2-aryl-1-hydroxy-indole-5,6-dicarbonitriles (3) [26] and N-substituted 1H-indazole-5,6-dicarbonitriles (5) [27] (Scheme 3). The work on the synthesis of nitrogen-containing heterocyclic compounds based on MNFN, 4, was continued. The results of these studies -three-step synthetic method, not described in the literature, of 2-aryl-1H-indole-5,6-dicarbonitriles and (1,2,3-triazol-1-yl)-5-styrylphthalonitriles.
On the first step, using piperidine as a deprotonation agent, Knoevenagel condensation of activated methyl group of MNPN (4) with aromatic and heterocyclic aldehydes 6a-c leads to the formation of the corresponding 4-nitro-5-styrylphthalonitriles (7a-c) with yields of 45-88 % (Scheme 4). We observed the deactivating effect of acceptor substituents in reagents 6a-c for this reaction. Thus, in the case of p-chlorobenzaldehyde, the yield of the desired product drops to 45 %, and in the case of m-nitrobenzaldehyde the reaction does not proceed at all. On the second step at ambient temperature in DMF, a S N Ar-substitution reaction of nitro group in the 4-nitro-5-styrylphthalonitriles (7a-c) was carried out with sodium azide. The target 4-azido-5-styrylphthalonitriles (8a-c) were obtained in the yields of 70-79 % and were used in the subsequent reactions without further purification. On the third step, there are two options for modifying the azido-substrates (8a-c), leading to the formation of various nitrogen-containing heterocyclic systems.
In order to obtain N-substituted triazoles, the reaction between 4-azido-5-styrylphthalonitriles (8a-c) with acetylacetone was investigated (Scheme 5). This methodology is based on a study of cyclization of azido-group with 1,3-diketones, described in reference [28] . It was established that the maximum yields (58-64 %) of the target 4-acetyl-5-methyl- [1, 2, 3] triazol-1-yl-5-styrylphthalonitriles (9a-c) could be achieved by stirring the starting substrates 8a-c with acetylacetone in the presence of triethylamine in dioxane at 75-85 °C (Scheme 5). At lower temperatures the reaction is slow and not fully completed, and carrying out synthesis at a higher temperature is associated with a significant increase in the amount of reaction byproducts. Furthermore, it was shown that triazoles are formed selectively. The reaction mixture produces only one isomer. Precise definition of the structure of target compounds was made using NOESY-spectroscopy. For example, in the spectrum of product 9a ( Figure  1) , symmetrical cross-peaks were observed for CH 3 (H-3 -8.42 ppm) and the proton styryl moiety (H-2'-6.53 ppm). It thus follows that the methyl group is involved in bonding with the phthalonitrile fragment. Along with these fixed cross-peaks of varying intensity, it was observed coupling between styryl protons H-1', H-2' and H-6, H-2'', H-6'', which shows the trans-geometry of the styryl unit. These data clearly confirm the structure of compound 9a and agree with literature [29] on the location of the methyl group in the triazole of acetyl moiety.
For the synthesis of new 2-aryl-1H-indole-5,6-dicarbonitriles (10a-c), thermal intramolecular cyclization reaction of 4-azido-5-styrylphthalonitriles (8a-c) was investigated. Similar reactions to aryl azides are described in references [30, 31] . In our case, the best results are achieved by mixing of the starting substrates for 6-8 hours at 180-200 °C in ethylene glycol in atmosphere of nitrogen. Carrying out the reaction in an inert atmosphere and careful protection from oxidation reaction are the decisive factors of increasing yield. The use of other hightemperature solvents (dichlorobenzene, nitrobenzene) was less effective due to the low solubility of the azide. If the photocyclization (UV-irradiation) of the reaction mixture was attempted, yields of the desired products were significantly lower.
In the 1 H NMR spectra for compounds 10a-c the downfield NH-proton signals (about 12.80 ppm) were observed along with the characteristic signals of aromatic moieties. These results agree well with the mass-spectrometry where intense signals were observed (100 %) of the molecular ions.
Conclusions
The synthesis based on 4-nitro-5-nitrophthalonitrile provides novel substituted 4-azidophthalonitriles and indole-5,6-dicarbonitrile. The structures of the products obtained were determined using standard spectral analytical methods.
